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Description 

This invention relates to methods and apparatus for 
increasing throughput in systems which sample repeti- 
tive signals. More specifically, this invention is directed 
to random repetitive signal acquisition systems which 
utilize trigger and trigger qualifying circuitry. 

Background of the Invention 

The oscilloscope has been a tool off technicians, en- 
gineers and designers for analyzing time domain signals 
for over forty years. Typically, oscilloscopes analyze 
electrical signals and display the signals on a CRT 
screen as a function of amplitude (e.g., voltage magni- 
tude) versus time. An oscilloscope combines the time 
measurement abilities of a frequency counter with the 
amplitude measurement capabilities of a multimeter to 
provide useful information concerning the electrical sig- 
nal of interest. 

The oscilloscope thus aids circuit designers in qual- 
ifying the performance of a new circuit or any circuit un- 
der test. Previously, oscilloscopes were generally ana- 
log in nature. In an analog oscilloscope, a signal enters 
through an attenuator which is generally a variable re- 
sistive-divider network. The attenuator brings the input 
signal to within an input operating range of a preampli- 
fying circuit ("preamp"). 

The preamp and the attenuator scale the signal and 
apply any gain factors which are desired for the partic- 
ular application and circuit being examined. The preamp 
circuit also drives a multiplexer which then drives a volt- 
age amplifier and ultimately drives the vertical sweep of 
the cathode ray tube (CRT). Additionally, the preamp 
provides high to low impedance conversion so that the 
analog oscilloscope can be made virtually noise-free. 

The trigger circuitry in the analog oscilloscope is op- 
erativeiy coupled to the horizontal sweep circuit of the 
CRT. The trigger circuit activates the horizontal sweep 
of the CRT when the trigger circuit acquires a trigger 
signal. The trigger signal is generally acquired from the 
input signal through a trigger comparator circuit which 
outputs a pulse when some predetermined trigger crite- 
ria are satisfied. The trigger pulse starts a capacitive 
charge that ramps a voltage level. This causes the beam 
in the CRT to move across the screen horizontally and 
thus display the signal characteristics of the input signal 
as a function of voltage versus time. 

The ramp voltage which generates the horizontal 
sweep is typically obtained from a charging capacitor. 
However, in the real world it is difficult to linearly charge 
a capacitor with a current source to within acceptable 
high accuracy. Furthermore, capacitive charging is usu- 
ally not constant and, thus, creates inaccuracies in the 
sweep. These factors contribute to inaccuracy in timing 
measurements. 

The inaccuracy in timing measurements in typical 
analog oscilloscopes is about 3% of full scale. As an ex- 



ample of the timing measurement inaccuracies encoun- 
tered with an analog oscilloscope, consider measuring 
a 2 nanosecond (ns) pulse width at 1 ns per division on 
the screen of a scope. The accuracy of this measure- 
5 ment is thus 0.3 ns or 15% timing error. Thus, analog 
oscilloscopes do not satisfy a long-felt need in the art 
for devices which can measure signal characteristics 
with high accuracy. 

Additionally, factors besides the gain en^or must be 
taken cumulatively into account in order to make accu- 
rate voltage measurements with an analog oscillo- 
scope. Analog osciltoscopes also exhibit significant po- 
sition and parallax errors which reduce voltage meas- 
urement accuracy. Other factors, such as low stcrage 
tube capability and large bandwidth rolloff also contrib- 
ute significantly to inaccurate voltage measurements 
with an analog oscilloscope. Analog oscilloscopes thus 
cannot satisfy a long-felt need in the art for measure- 
ment systems which provide highly accurate voltage 
and time measurements of electrical signals. 

Digitizing or "digital" oscilloscopes have been de- 
vetoped to solve some of the aforementioned problems 
exhibited with analog oscilloscopes. For example, a typ- 
ical digitizing oscilloscope's timing error is about 0.002% 
of full scale. A digitizing osciltoscope exhibits superior 
liming error with respect to the 3% typical timing error 
in an anatog oscilloscope by using a crystal timebase 
instead of a charging capacitor and ramp voltage in the 
horizontal sweep circuitry. Other advantages such as 
the elimination of parallax error can be achieved with a 
digitizing oscilloscope. 

Typically, a digitizing oscilloscope uses the same 
type of trigger comparator circuitry as found in an anak>g 
oscilloscope. Furthermore, similar attenuation and 
preamplrfying inputs as found on the vertical paths of an 
analog oscilioscope may be provided for each channel 
of information on a digital oscilloscope. However, with a 
digitizing oscilloscope it is not necessary to use a mul- 
tiplexer on the vertical paths. Digitizing oscilloscopes al- 
so operate in a significantly different fashion than analog 
osciltoscopes in acquiring and displaying data. A digitiz- 
ing oscilloscope uses an analog-to-digital converter 
(ADC) which converts scaled, impedance converted an- 
alog data into digital words. The digital words are then 
stored in an acquisition memory so that they may be 
bused to a central processing unit (CPU) or microproc- 
essor lor eventual display on a CRT screen or use In 
other data acquisition and manipulation systems. 

The ADC digitizes the analog signal data which 
comes over the various input channels. The digital in- 
formation is then typically stored in a memory which may 
be, for example, a ring memory structure. A ring memory 
begins filling memory with data words at some location 
and continues adding more words around the ring. Ring 
memories offer an advantage when used in digitizing os- 
cilloscopes since a full ring of digitized data taken prior 
to the trigger event is available to the system when 'neg- 
ative time.' i.e. events which happen before a trigger, 
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data acquisition is accomplished. Hie typical memory 
length for each digital ring in a digital oscilloscope is from 
1 to 2 kbytes. 

A crystal timebase, generally a clock circuit, up- 
dates the CPU in the digitizing oscilloscope and informs s 
the CPU where in the ring memory the trigger event has 
occurred. The crystal provides accurate and stable tim- 
ing for the digitising oscilloscope. Circuitry in the crystal 
timebase determines the timing between the asynchro- 
nous trigger event and the next sample point because 
a trigger event can occur between sample points, not 
necessarily on a sample point. Since the sample clock 
and the timebase are derived from a crystal oscillaton 
the timing accuracy of a digitizing oscilk)scope is very 
good; typically around 0.002%. 

In an analog oscilloscope, the trigger event is al- 
ways at the farthest point on the left-hand side of the 
CRT screen. However, in a digitizing osciitoscope the 
trigger event may be placed at the center of the CRT 
screen. Thus, with a digitizing oscilloscope the user 
sees half of the screen in a pre-l rigger time, and half of 
the screen in a post-trigger time. A control is provided 
to the digitizing osciitoscope which alk>ws the trigger 
event to be moved from left to right on the CRT screen 
by the user. This ability to alter the position of the trigger 
on the CRT screen provides a significant advantage 
over displays on analog oscilloscopes since it is possi- 
ble to home in on a particular event around the trigger 
reference point on the CRT screen with a digitizing os- 
cilloscope. 

Generally, there are two ways to acquire digitized 
data with a digitizing oscilloscope. The first way is by 
real time acquisition, sometimes referred to as "single- 
shot sampling". Single shot sampling digital oscillo- 
scopes sample an input waveform as fast as the ADC 
in the osciltoscopes sample and acquire all of the digi- 
tized data on a single trigger. State-of-the-art digitizing 
oscilloscopes using single-shot sampling data acquisi- 
tion generally allow about one 'Giga sample" (GSa/s) 
per second at 6 to 8 bits resolutbn. Single-shot sampling 
is possible with both repetitive and non-repetitive sig- 
nals. However, single-shot digitizing oscilloscope are 
generally much more expensive than other types of dig- 
itizing oscilloscopes. 

Single-shot data acquisition digitizing oscilloscopes 
exhibit significant disadvantages to digitizing oscillo- 
scopes which utilize other types of sampling. For exam- 
ple, it is very easy to miss glitches between sampling 
points with a single-shot digitizing oscilbscope. These 
high-frequency glitches are also missed when a similar 
bandwidth analog oscilloscope is used. Additionally, the 
bandwidth of a single-shot oscilloscope is limited by the 
sampling frequency. Furthermore, the timing resolulkxi 
of a single-shot digitizing oscilloscope is limited by the 
speed of the ADC. Thus, single-shot sampling digital os- 
cilloscopes do not satisfy a long-felt need in the art (or 
digital oscilloscopes which provide accurate and effi- 
cient analysis of electrical input signals. 



The second way in whidi data may be acquired by 
a digitizing oscilloscope is with "repetitive sampling." 
Repetitive sampling is used when a repetitive waveform 
is present. As known by those skilled in the art, a repet- 
itive waveform is any waveform which has a regular pe- 
riod. Repetitive sampling systems do not make single- 
shot measurements well because they are designed 
with slower ADCs. This albws better vertical resolution 
of the repetitive signal. An example of a digital oscillo- 
scope which utilizes both single-shot and repetitive 
sampling in two different modes is the HP 541 1 1 D digital 
osciitoscope available from the Hewlett-Packard Com- 
pany. Pato Alto, California. 

There are essentially two kinds of repetitive sam- 
pling used by digital oscilloscopes. The first kirKJ of re- 
petitive sampling is called 'sequential repetitive sam- 
pling". In sequential repetitive sampling, only one sam- 
ple of the signal is digitized on each occurrence of the 
trigger signal. With each successive trigger, the sam- 
pling point is delayed further from the trigger point. After 
many samples are acquired and digitized, the signal is 
reconstructed in the oscilloscope's digital memory. Se- 
quential sampling works by delaying data acquisition by 
a specified amount of time after the trigger event occurs, 
then taking a sample. The amount of the delay starts at 
zero seconds and evenly increments depending on the 
capability of the digitizing oscilloscope. 

With sequential repetitive sampling, timing resolu- 
tion is excellent compared to real-time, single-shot sam- 
pling in digitizing oscilloscopes. Additionally, sequential 
sampling does not miss glitches unless the glitches oc- 
cur in time periods less than the sampling delay resolu- 
tion of the timebase. Furthermore, the bandwidth in a 
digitizing oscilloscope utilizing sequential repetitive 
sampling is not limited by the sampling frequency, but 
rather is merely limited by the particular capabilities of 
the preamplifiers and attenuators in the front end of the 
digital oscilloscope. 

However, there are several disadvantages inherent 
in sequential repetitive sampling digital oscilloscopes. 
The first of these disadvantages is the need to wail for 
a trigger signal before the sample is taken which does 
not provide the desirable capability of viewing negative 
time without a delay line. Furthenmore, there is no sin- 
gle-shot capability with sequential sampling because 
each sample point requires a full trigger event. Addition- 
ally, with slow repetition signals, triggers occur slowly, 
and thus, acquisition of a complete representation of the 
signal for display takes a tong time to complete. 

The second type of repetitive sampling is called 
"random repetitive sampling." In random repetitive sam- 
pling, the ADC is always sampling at the same rate. 
Thus depending upon the 'samples per division" (Sa/ 
DIV) of the screen, a different number of samples per 
trigger nnay be obtained. The waveform in random re- 
petitive sampling is built up over multiple trigger acqui- 
sitions. Random repetitive sampling is denoted as "ran- 
dom" since the trigger event is asynchronous with re- 
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spect to the sample ciock. This means that each trigger 
yields a group of samples that are shifted in phase be- 
tween other groups of samples. After each acquisition, 
the data collected on that acquisition-is time correlated 
by a time interpolator to the trigger event and to the older 
data points acquired and placed on the screen. Random 
repetitive sampling is dissimilar to sequential repetitive 
sampling to the extent that the signal is constantly being 
sampled and digitized at a rate determined by the digital 
oscilloscope sampling clock. 

Random repetitive sampling provides several ad- 
vantages over sequential sampling. In random repetitive 
sampling digital oscilloscopes, the user can view sam- 
pling in negative time without the need for a delay line. 
Furthermore, random repetitive sampling digital oscillo- 
scopes exhibit higher throughput at lower sweep speeds 
as compared to sequential sampling digital oscillo- 
scopes. 

However, random repetitive sampling exhibits sig- 
nificant problems when a digital oscilloscope samples 
high frequency input signals. At fast sweep speeds, the 
probability of acquiring a small display window is re- 
duced as compared to acquiring a small display window 
in a sequential repetitive sampling system. Therefore, 
the throughput of random repetitive sampling digital os- 
cilloscopes is reduced at fast sweep speeds. Thus, ran- 
dom repetitive sampling digitizing oscilloscopes do not 
have optimal throughput when a user needs fine time 
resolution for a measurement. As used herein, the term 
"fine time resolution" is defined with respect to the actual 
sample rate of the instrument being used. 

This point may be illustrated by the following exam- 
ple. Consider a random repetitive acquisition system 
where the actual sample rate is 40 MHz and the screen 
width is 1 ns (1 00 psec/DI V)- The time between samples 
is thus 1/40 MHz whrch is equal to 25 ns - 25 times as 
large as the time interval being examined. Since the sys- 
tem is sampling randomly with respect to the signal, the 
system is also sampling randomly with respect to the 
trigger. The trigger can thus occur anywhere within the 
25 ns sampling interval and there will be a probability of 
1/25 that a sample will fall within the 1 ns screen window. 
Therefore, on the average, only one in 25 acquisitions 
results In a usable sample. 

This is a poor result because the overhead time re- 
quired to perform an acquisition is not negligible. It takes 
on the order of microseconds to determine if any of the 
sample points actually fail on the screen and to begin a 
new acquisition. In modern random repetitive acquisi- 
tion systems in digitizing osciltoscopes, there is no pre- 
viously known information about the signal and thus no 
possibility of changing the probability of 1 out of 25 that 
a trigger will generate a point on the screen. 

If, for example, the triggers are occurring at a 1 5 
MHZ rate, a trigger period of 67 ns is achieved. After the 
system begins to look for a trigger, the average time to 
find a trigger is approximately one-half of 67.0 ns, or 
33.5 ns. If one assumes an acquisition overhead time 



of about 6.0 us, which is typical for a modern, state-of- 
the^art digitizing oscilloscopes, it takes approximately 
an average of: 

5 

25 acqui$itk>ns x (6.0 fis + 1/2 x 67.0 ns) = 150.8 ^s, 

to acquire a usable sample. This time period occurs 
since, for every acquisition of data, a 6.0 ^is overhead 

10 perkxi during whrch the CPU determines whether tfiat 
trigger has resulted in a usable sample is tacked on to 
the acquisitbn time. This is a highly Ineffictent way to 
acquire samples and requires the microprocessor in the 
digitizing oscilloscope to spend an inordinate amount of 

15 processor time in detenmining whether each acquisition 
has resulted in usable data. If this acquisition time couki 
be reduced or eliminated for any trigger which does not 
acquire a useable sample, the throughput of the system 
coukJ be greatly increased and the microprocessor 

20 freed to perform other tasks during the acquisition pro- 
cedure. Modem random repetitive signal acquisition 
systems cannot reduce or eliminate this problem. 

Present random repetitive sampling digitizing oscil- 
toscopes and systems thus do not fulfill a tong-f eft need 

25 in the art for random repetitive sampling acquisition sys- 
tems whk^h minimize the reduction in throughput of the 
system as the sweep speed is increased. Prevk^us trig- 
ger detection circuits in random repetitive data acquisi- 
tkxi digitizing systems do not - and cannot - enhance 

50 efficiency in random repetitive sampling systems and 
provide increased throughput. A tong-felt need in the art 
therefore exists for trigger qualifying systems arKi cir- 
cuitry in random repetitive acquisitkjn systems which in- 
crease system throughput and provide more efficient 

^ use of microprocessing time. 

In an artk:le by S.A. Genther and E . A. Evel. entitled 
"Hardware Implementatbn of a High-Pertormance Trig- 
ger System" (Hewlett-Packard Journal. Vol. 37. No, 4, 
April 1 986. pages 26-32), there are described digitising 

40 osciltoscopes providing triggering capabilities which are 
structured into modes. Only one mode is active at a time, 
and, in one oscil toscope described, the modes are edge, 
pattern, state, time delay and event delay. 

US-A-4 678 345 describes a system for sampling a 

45 repetitive waveform in each of several narrow acquisi- 
tion windows t)ounding repetitive sections of the wave- 
form in order to obtain equivalent time sample data char- 
acterising the shape of the waveform included within the 
acquisitton windows. The period between successive 

50 triggering events is measured, and sampling is delayed 
following an initiating triggering event by a delay lime 
adjusted according to the measured period so as to 
maximise the prc^bility that sampling will occur within 
an acquisition window. 

55 EP-A-0 181 565 describes a digital oscilloscope 
comprising a circuit for detecting inaccurate reconstruc- 
tions of waveforms. The fundamental frequency of the 
ffiput signal under test is determined by a frequency-de- 
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termlntng circuit and compares with the sampling fre- 
quency. The sampling rate can be increased in re- 
sponse to the occurrence of the alias flag signal to en- 
sure accurate reconstruction of the waveform on the dis- 
play means of the oscilloscope. 

Summary of the Invention 

Circuits for increasing throughput in a random re- 
petitive signal acquisition system of the type which uses 
triggers, wherein the circuit allows the random repetitive 
signal acquisition system to terminate an acquisition on- 
ly when there is a high probability that usable samples 
have reached the system, are provided in accordance 
with the present invention as defined by the cicums. The 
circuits may comprise logic means for producing a qual- 
ifier signal having at least two input ports, first means 
coupled to a first input port of the logic means for intro- 
ducing a first delay in a sample signal, thereby produc- 
ing a first delayed sample signal for setting the logic 
means and enabling the qualifier signal, and second 
means coupled to a second input port of the logic means 
for introducing a second delay in a sample signal, there- 
by producing a second delayed sample signal for reset- 
ting the logic means and disabling the qualifier signal. 

A method of arming a trigger circuit in a random re- 
petitive signal acquisition system in accordance with the 
invention comprises the step of producing a sample sig- 
nal having a sample period. The sample signal is pref- 
erably delayed for a time, thereby producing a delayed 
sample signal. A periodic qualifier signal is then pro- 
duced from the delayed sample signal and the trigger 
circuit is armed periodically with the periodic qualifier 
signal. 

Brief Description of the Drawings 

Figure 1 is a functional block diagram of a digitizing 
oscilloscope provided in accordance with this invention 
having trigger qualifier circuitry which increases the 
throughput of the system. 

Figures 2A and 2B are circuits for producing quali- 
fier signals provided in accordance with this invention. 

Figures 3A and 3B are circuits for producing varia- 
bly delayed signals for use in the circuits of Figures 2A 
and 2B. 

Figure 4 is a circuit for producing a qualified trigger 
signal in accordance with this invention. 

Figure 5 is a timing diagram of the signals present 
in the circuit of Figure 4. 

Figure 6 is a circuit for producing a qualifier signal 
provided in accordance with this invention using linear 
integrated circuits to produce variable delays. 

Figure 7 is a timing diagram of the signals present 
in the circuit of Figure 6. 

Figure 8 shows an implementation in accordance 
with the invention of a qualified trigger arm signal from 
an existing trigger arm signal and a trigger qualifier sig- 



nal. 

Figure 9 illustrates a preferred embodiment of a cir- 
cuit provided in accordance with the invention for pro- 
ducing a qualified trigger signal. 
5 Figure 10 is a flow chart illustrating a preferred em- 
bodiment of a method for calibrating a random repetitive 
signal acquisition system. 

Figure 11 is a flow chart illustrating a preferred em- 
bodiment of a method of building a histogram to convert 
10 delay values to programming values for the start and 
stop time delay generators' digital to analog converters 
m a random repetitive signal acquisition system. 

Detailed Description of Preferred Embodiments 

IS 

Methods and apparatus provided in accordance 
with this invention provide trigger qualifying circuitry for 
any digitizing system which utilizes random repetitive 
data acquisition and sampling. In preferred embodi- 

20 ments, methods and apparatus provided in accordance 
with this invention are particularly useful for increasing 
throughput in digitizing oscilloscopes which utilize ran- 
dom repetitive signal acquisition. 

In Fig. 1. a functional block diagram of a digitizing 

25 osciltoscope provided in accordance with this invention 
having trigger qualifying circuitry which increases the 
throughput of the digitizing oscilloscope is shown. 
Present digitizing oscilloscopes may be rrxxJified with 
circuitry provided in accordance with this mention to 

30 obtain qualified triggers and increased throughput In 
general, the HP 54100 family of digitizing oscilloscopes 
available from the Hewlett-Packard Company, Palo Al- 
to, California, are readily available for such modiftcatbn. 
The front end 20 of the digital osciltoscope is similar 

35 to the front end of most standard analog oscilloscopes. 
In a preferred embodiment, four channels of information 
in a vertical path are available for simultaneous acqui- 
sition. For ease of illustration, two channels are shown. 
The signal on channel one, shown at 30. enters an at- 

40 tenuator 40. Similarly, a signal on channel two at 50 en- 
ters an attenuator 60. 

Tlie attenuators 40 and 60 are generally comprised 
of variable resistive divider networks which bring the in- 
put signal to within the input operating range of pream- 

^5 piifiers 70 and 80. Preamplifiers 70 and 80 wori< in con- 
junctton with the attenuators 40 and 60 respectively to 
scale the signal available on channels 30 and 50. In fur- 
ther preferred embodiments, it is possible to have vari- 
able gain in preamps 70 and 80. The preamps 70 and 

so 80 also provide trigger comparator circuit 90 with syn- 
chronous pulses from the vertical signals coming 
through over channels 30 and 50. Generally, in prevKDUS 
digital oscilloscopes, trigger comparator 90 is activated 
on an edge of the signal when one of the channels has 
a signal which is above some predetermined limit, gen- 
erally a voltage level. 

Trigger comparator 90 inputs signals to qualified 
trigger circuit 100 when one of the inputs from external 
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triggers 110 or 120 falls above this predetermtned vott- 
age level. Qualified trigger 100 qualifies an event, for 
example a sample signal, before the event actually trig- 
gers the digitizing oscilloscope. Attenuators 130 and 
1 40 scale the trigger signals 1 1 0 and 1 20 which are ex- 
ternal trigger Inputs that cannot be viewed but which 
may altow the user to view some other event In pre- 
ferred embodiments, the trigger comparator circuit is ac- 
tivated on an edge of the repetitive input signal. In still 
further preferred embodiments, trigger comparator cir- 
cuit 90 Is triggered on a positive edge of the repetitive 
input signal. 

In digitizing oscilloscopes, the input signal or wave- 
form Is quantized bito discrete time and voltage sam- 
ples. In repetitive acquisition systems, "sample and 
hold' circuitry is provided so that signals appearing over 
channels 30 and 50 can be regularty digitized. Sample 
and hold blocks 135 and 145 are thus coupled to 
preamps 70 and 80 respectively- Sample and hold 
blocks 135 and 145, in preferred embodiments, com- 
prise a sampling clock having a regular periodic fre- 
quency The sampling clocks sample at a constant rate 
which is dependent upon the particular capabilities of 
crystal timebase circuitry 155 provided to the dig'itiztng 
oscilloscope. In preferred embodiments, the sample 
rate is 40 MHz. It will be recognized by those with skill 
in the art that other sample rates may be available de- 
pending upon the capabilities of the particular anak>g to 
digital converters in the digitizing oscilk>scope, arKi the 
particular applicatk>ns whk:h will be encountered by the 
digitizing oscilloscope. 

Analog to digital (A/D) driver circuits 150 and 160 
are respectively coupled to the outputs of the sample 
and hold blocks 135 and 145. The A/D drivers 150 and 
1 60 drive a pair of A/D converters 1 70 and 1 80 respec- 
tively. A/D converters 170 and 180 digitize the analog 
data coming over channels 30 and 50. The digital infor- 
mation from A/D converters .1 70 and 1 80 are then stored 
in acquisition memories 190 and 200 respectively. In 
preferred embodiments, acquisition memory depth is 
from 1-2 k-words In length. 

Microprocessor 210 is interfaced with acquisition 
memories 190 and 200. The microprocessor receives 
user commands and controls the data acquisitk)n cir- 
cuitry. The microprocessor 210 collects the data from 
the data acquisition memories 1 90 and 200 and displays 
the data through display memory 220 on a CRT screen 
230. The vertical path of the digital oscilloscope can be 
considered to end with acquisition memories 190 and 
200. In preferred embodiments, the vertbal path thus 
synthesizes digital words which correspond to voltage 
levels in the signal coming over channels 30 and 50. 

The data may then be written to the CRT screen 
memory or buffer The screen memory is written asyn- 
chronously with respect to the CRT beam to the buffer 
by the microprocessor The "horizontal sweep" of the 
digitizing osciltoscope begins when qualified trigger cir- 
cuit 100 senses an edge signifying a random repetitive 



signal which should be displayed. Qualified trigger cir- 
cuit 100 is interfaced with a delay counter 240 which is 
further interfaced with stop circuitry 250 that communi- 
cates with the ADCs 1 70 and 1 80 and causes the ADCs 
5 to cease acquiring and digitizing data. 

In accordance with the present invention, trigger 
qualifier circuitry 260 is provided having an input from 
timebase 155. It will be appreciated that trigger qualifier 
circuit 260 may be part of trigger comparator block 90 

10 such that a circuit block comprising trigger qualifier cir- 
cuit 260 and qualified trigger circuit 1 00 outputs an edge 
or pulse when the input meets some user defined crite- 
ria. In preferred embodiments, the event may be a pos- 
itive edge of the input signal having a predetermined 

^5 high voltage level. Trigger qualifier circuitry 260 provid- 
ed in accordance with this inventk>n arms qualified trig- 
ger circuit 100 such that the overall throughput of the 
digitizing oscilloscope Is Increased. 

The crystal timebase 1 55 and trigger qualifier circuit 

20 260 are set by the user to give the screen width a pre- 
determined value. In preferred embodiments, the 
screen width is one ns. In further preferred embodi- 
ments, the trigger from circuit 100 is set to be 100 psec 
from the left of the screen. Thus, any sample taken from 

25 1 00 psec before the trigger to 900 psec after the trigger 
will lie on the screen. This means that any trigger occur- 
ring from 900 psec before the sample to 100 psec after 
the sample will result in the sample being usable. Thus, 
trigger qualifying circuit 260 defines a window, with re- 

^ spect to the sample clock in the crystal timebase 155, 
which determines usable triggers. 

In order to make trigger qualifier circuitry 260 func- 
tional for a wide range of input signals, trigger qualifier 
260 should be flexible, having different start and stop 

35 delay settings which may be adjusted by the user mi- 
croprocessor, or by the user from the digital oscilloscope 
control panel. In preferred embodiments, the trigger win- 
dow width shoukJ be variable from the minimum screen 
width up to about the sample ckx:k period. Furthermore, 

40 the trigger window's position should be movable to any 
time position in the sample clock period. 

Trigger qualifier circuit 260 forces a trigger enable 
window to appear within each sample clock perkxl and 
allows the digitizing oscilloscope to terminate data ac- 

45 quisition only when there is a high probability that usable 
samples have reached the system. Thus, the time inter- 
polator and microprocessor are not forced to incur over- 
head time to process most of the unusable trigger, there- 
by resulting in increased throughput for the system. Trig- 

50 ger qualifier circuit 260 provided in accordance with this 
invention therefore solves a long-felt need in the art for 
circuitry which significantly increases the throughput of 
digitizing oscilloscopes using random repetitive data ac- 
quisition and signal sampling. 

55 Referring to Figure 2A a preferred embodiment of 
a trigger qualifier circuit 260 that increases the through- 
put in a random repetitive data acquisition system is 
shown. Variable delays 270 and 280 are fed by the sam- 
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pie clock output 290 from the Cfysta! timebase 1 55. Dig- 
ital to analog converter (DAC) 300 controls the variation 
to first variable delay 270 while DAC 310 controls the 
variation to second variable delay 280. The output of 
variable delays 270 and 280 are inverted at 285 and 295 
then "ANDed" at 305 and 315 respectively with the in- 
verted outputs from inverters 285 and 295. The delays 
325 and 335 through AND gates 305 and 315 respec- 
tively determine the set and reset pulse widths at 330 
and 340. 

The output of AND gates 305 and 315 are opera- 
tively connected to a logic element 320. In preferred em- 
bodtments, logic element 320 is a flip-flop and In further 
preferred embodiments, a set/reset flip-flop. The output 
of AND gate 305 sets the flip-flop at 330 while the output 
of AND gate 31 5 resets or clears the flip-flop at 340. The 
output 350 of flip-flop 320 is the qualification signal 
which arms the qualified trigger circuit 100 periodically 

In pref en-ed embodiments, delays 270 and 280 are 
variable for at least the sanr^le period, and thus any size 
whidow from the minimum that the flip-flop can produce 
up to the sample period width, with any position relative 
to the sample clock, can be produced. The CPU cateu- 
lates the appropriate delay values for any combination 
of timebase settings which may be determined either by 
the CPU with appropriate programming, or directly by 
the user. In further preferred embodiments, the delays 
may be altered by the user though DACs 300 and 310. 
The circuit amis the trigger signal in a window having a 
variable wfcfth, accepting triggers that fall within the win- 
dow and rejecting triggers that fall outside of the window. 

In Figure 2B, yet another preferred embodiment of 
a circuit which qualifies a trigger and increases the 
throughput in a random repetitive data acquisitk)n sys- 
tem is shown. Replacing the kjgic element 320, and as- 
sociated elements 285, 295, 305, 31 5, 320, 325 and 335 
in Figure 2A are a pair of 'D" flip-flops shown at 790 and 
800. In this configuration, the D inputs to the two flip- 
flops 790 and 800 are kept at togic "1 ' (high). The output 
of variable delay 270 is input to the clock port 810 of D 
flip-flop 790 while the outputs of variable delay 280 is 
input to the clock port 820 of D flip-f top 800. The "not Q* 
output 830 of D flip-ftop 790 is coupled to the 'reset port" 
840 of D flip-flop 800. Furthermore, the reset port 850 
of D flip-flop 790 is coupled to the 'Q' port 860 of D flip- 
ftop 800. In this configuration, the "Q" output of D flip- 
flop 790 is the quairicatton signal 350 which arms the 
trigger circuit 100 periodically. 

In still lurther preferred embodmients, variable de- 
lays 270 and 280 can be generated by the circuit of Fig- 
ure 3A. A square waveform 360 from the sample clock 
is input to the negative port 370 of operational amplifier 
380. Operational amplifier 380 is configured in an inte- 
grator mode wherein variable resistors F^, F^, and ca- 
pacitor C^. have values that are chosen for the particular 
application desired. The positive lead of operational am- 
plifier 380 is grounded at 390. In the integrating mode, 
operattonal amplifier 380 turns square waveform 360 in- 



to some other continuously varying signal. In preferred 
embodiments, operational amplifier 380 outputs a trian- 
gle wave 400. 

Triangle wave 400 is input to the positive input 410 

5 of comparator circuit 420. Triangle wave 400 is also in- 
put to the positive input 430 of comparator circuit 440. 
The output of DAC 450 is input to the negative input 460 
of comparator 420. The output of DAC 470 is input to 
the negative input 480 of comparator 440. In this con- 

10 figuration, comparator circuits 420 and 440 output sig- 
nals 490 and 500 whenever the amplitude of the triangle 
wave 400 is above the threshokJ of DACs 450 and 470 
respectively. 

Signal 490 is input to a first input 51 0 of an exclusive 
15 OR gate 520, The exclusive OR gate 520 has a second 
input 530 which is adjustable to allow exclusive OR gate 
520 to output a signal 540. Additranally, signal 500 is 
input to the first input 550 of a second exclusive OR gate 
560 having a second input 570 which is also variable to 
20 produce an output 580, Signals 540 and 580 can be in- 
put to the circuits shown in Figure 2A at 305, 285 and 
315, 295, or to the circuit of Figure 2B at 810 and 820 
to form the qualifying signal. In this fashbn, DACs 450 
and 470 and signal polarity selectk>ns 530 and 570 pro- 
25 vide complete control for trigger window posittoning. 

In preferred embodiments, a phase-locked kxjp 
(PLL) may be used to implement the variable delays in 
a trigger qualifier circuit 260 provided in accordance with 
this inventbn. As shown in Figure 3B, an input signal is 
^ applied to a 'divide by" N element 581 at node 582 to 
produce an output at node 583. Jf the input is a 20 MHz 
squarewave. then the output could be, for example, a 5 
MHz signal whk^h also might be a squarewave. The out- 
put is applied to the input node 585 of a phase compa- 
ss rator element 584. Phase comparator 584 compares the 
signal at node 585 with a feedback signal 586, A phase 
error signal is output by phase comparator 584 at 587. 
In preferred embodiments, phase comparator 584 is a 
digital circuit, analog circuit, or combinatkxi digital and 
40 analog circuit. 

The form of the output 587 depends on the partic- 
ular characteristics of phase comparator 584. Output 
587 is input at 589 to a filter element 588. It is preferred 
that the filter element be an active filter element com- 
4^ prising a high gain op-amp circuit. In preferred embod- 
iments, an offset signal 589A is input to the active filter 
588. The output 589B from active filter 588 is input at 
589D to a voltage controlled oscillator (VCO) 589C. 
VCO 589C outputs a signal whose frequency is propor- 
50 tional to the voltage at its input node 5890. In preferred 
embodiments the form of this output signal is generally 
a sine wave or a squarewave. Signal 589E is a variably 
delayed signal which can l>e used as the variable delai^ 
signals 270 or 280 in Figures 2A and 28. Variable delay 
55 signal 589E is also used in a feedback \oop by inputting 
the signal to "divide by" M element 589F at input node 
589G. The output 589H of "divide by" M element 589F 
is input to phase comparator 586. 
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A feedback loop comprising elements 584, 588, 
589C and 589F uses negative feedback to force the fre- 
quency of output 589E to be equal to the input frequency 
multiplied by M divided by N. In prefeaed embodiments, 
the PLL locks signals 583 and 586 either 0**, 90** or 1 80** s 
out of phase. In further preferred embodiments, phase 
adjustment input 589A may be used to add an offset 
which is compensated by the feedback loop. The phase 
between signals 583 and 586 may be adjusted by the 
PLL until the change in the phase comparator output io 
587 cancels the offset applied at 589A. Input 589A can 
thus be used to provide a variable phase control. When 
the variable phase control 589A is applied to the PLL at 
a constant frequency, the variable phase control be- 
comes a variable time delay is 

In still further preferred embodiments, the sample 
clock of the random repetitive signal acquisition system 
is fed to the PLL at 582. When the output 589E of the 
PLL must be the same frequency as the input 582, it is 
necessary that M N. Furthermore, typical phase com- 20 
parators shown at 584 have a range of phases which 
depend upon the particular type of circuit used. To main- 
tain the loop in a phase-locked condition, the range of 
phase adjustment that is alk)wed at nodes 583 and 586 
is necessarily limited. Typical phase comparators allow 25 
from 90* to 360° of phase error. However, when noise 
and jitter are input to the system, these comparators 
cannot be pushed to their full operating range and still 
be expected to keep the loop in a locked state. 

If M and N are greater than 1 . for example, 2 or 4, 30 
the amount of phase variation required at nodes 583 and 
586 is reduced by 2 or 4 (M). Thus, for a sample input 
clock running at 20 MHz and M = N = 4, the signals at 
nodes 583 and 586 are 5 MHz, and a 90* phase shift at 
5 MHz translates to a 360* phase adjustment of the 20 35 
MHz signal at output 589E. 

In Figure 4, qualification signal 350 is used to qualify 
the trigger signal 590. Trigger signal 590 is asynchro- 
nous to the sample ckx:k and is input to a flip-flop 600. 
In preferred embodiments, flip-flop 600 is a O flip-flop. 40 
Qualifier signal 350 is input to the D input 610 of D flip- 
flop 600. Trigger signal 590 is input to the clock input 
650 of D flip-fk5p 600. Output 620 stays low until a trigger 
occurs while qualificatk>n signal 350 is high. Output 620 
then goes high. Output 620 is fed back to reset input 45 
640 through delay element 630 to bring output 620 low 
again. Thus, all trigger events that occur while qualifica- 
tion signal 350 is high result in a qualified trigger output 
620, whk:h is then kiput to the trigger processing circuit- 
ry. - 50 

In Figure 5, a timing diagram signifying the various 
signals appearing in Figure 4 is shown. Signal 350 has 
a duty cycle which varies directly with the oscilloscope's 
sweep speed setting. Trigger signal 590 is a standard 
asynchronous trigger signal found in random repetitive 55 
sampling systems. The qualified trigger 620 provided in 
accordarice with this invention terminates data acquisi- 
tion only when a usable sample is detected. Thus, qual- 



ified trigger signal 620 greatly increases the throughput 
of the system. 

For example, if trigger signal 590 is occurring at 
15.0 MHz. trigger 590 has a period of 67.0 ns. Further 
assuming, for example, that the sample rate is 40 MHz, 
then the time between samples is 25.0 ns. With a screen 
width of 1 .0 ns, the time between samples is 25 times 
larger than the screen width. Therefore on average, a 
usable trigger signal 590 is received every 67.0 ns * 25.0 
= 1 .675 ^is. After starting to look for a trigger, the average 
time to find a usable trigger is 1.675 [is. 

Typk:at random repetitive digitizing oscilbscopes 
have an acquisition overhead time of about 6.0 \is. With 
qualified trigger signal 620 provided in accordance with 
this invention, a usable sample is acquired about every 
7.675 ps, i.e. the sum of the average time to find a us- 
able trigger plus the overtiead time. Without qualified 
trigger signals provkJed in accordance with this inven- 
tk)n, it takes the system an average of about 150.8 \is 
to acquire a usable sample. Therefore, for this exempla- 
ry case, the inventbn increases throughput by a factor 
determined by divkiing 160.8 by 7.675, or about 19.7 
times. In general, the longer the oveihead time and the 
faster the trigger repetitkm rate, the closer the improve- 
ment is to the maximum possible, or 25 in this example. 
Thus, circuitry provided in accordance with this inven- 
tion solves a tong felt need in the art for qualified trigger 
signals whk:h dramatically increase the throughput in 
systems which utilize random repetitive signal acquisi- 
tion. 

In preferred embodiments, the trigger qualifier sig- 
nal may be obtained with the circuit shown in Figure 6, 
Signal 780 is analagous to signal 350 in Figures 2A and 
2B- The variable delays are accomplished with a pair of 
integrated circuits 660 and 670. In further preferred em- 
bodiments, integrated circuits 660 and 670 are linear in- 
tegrated circuits. An excellent linear integrated circuit 
which can be used to provide programmed delays is the 
AD9500 Digitally Programmable Delay Generator man- 
ufactured and soki by the Analog Devices Company 
The AD9500 selects program delays through an 8-bit 
digital code with resolutions as sn^ll as 1 0 psec. 

Microprocessor 21 0 programs the AD9500 integrat- 
ed circuits 660 and 670 with a byte of data, i.e., 8 indi- 
vidual bits shown at 680 and 690 on integrated circuits 
660 and 670 respectively. The 8 bits of data provkle a 
total possible 256 programmed delays. Each AD9500 
has a trigger input shown at 700. When the trigger input 
goes high, the delay is started. 

The delay is generally the sum of the minimum de- 
lay through the the AD9500 and the program delay pro- 
vided by the 8 bits of data 680 and 690. After the delay, 
the Q output 710 goes high and the not Q output 720 
goes low. The device. 660 or 670. is then immediately 
reset at 730 so that Q 710 resets a delay after it goes 
high. The end result is a narrow pulse output at Q 710 
occurring with a programmable delay from the trigger 
input 
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Exclusive OR gates 730 coupled to the trigger in- 
puts 700 allow microprocessor 210 to select which edge 
of the input sample clock will trigger each A09500. Ex- 
clusive OR gates 730 selectively invert the clock signal 
conning in over line 740. Clock signal 740 causes the 
AD9500S to trigger. The AD9500 at 660 creates a 'start' 
pulse while the AD9500 at 670 creates a "stop" pulse. 
NOR gates 750 and 760 coupled to the Q outputs of 
each AD9500 form a flip^lop. The start pulse 770 sets 
the qualifier output 780 high, while the stop pulse 790 
sets the qualifier output 780 tow. In preferred emtxxJi- 
ments, if both pulses are active at the same time, stop 
pulse 790 has prtority. 

This arrangement produces a very narrow pulse on 
the output of OR gate 760 by causing start pulse 770 to 
occur just before stop pulse 790. The short output pulse 
is determined by the difference in delays, not by the ac- 
tual pulse widths. However, the minimum low time is de- 
termined t}y the pulse widths. 

The AD9500S in the circuit of Figure 6 allow for de- 
lays in pulse widths in minimum steps of approximately 
200 psec with 360** delay coverage and pulse widths 
from zero to greater than 50 ns. The programmed delays 
are, in part, also determined by capacitors and resistors 
shown at 792 and 794 respectively. The use of exclusive 
OR gates 730 are necessary because of the non-zero 
delay in resetting the AD9500S and the non-zero mini- 
mum delay. 

If a rising edge of the sample clock 740 is used to 
trigger the AO9500s. and if the delay must be pro- 
grammed to provide a start (stop) pulse "close to* the 
rising edge of the sample clock, then the delay must be 
programmed to provide a delay of one sample clock pe- 
riod, since the minimum delay is too tong for the start 
(stop) pulse to be close to the rising edge. Furthermore, 
the start (stop) pulse delay cannot be negative if it is 
desired to place the rising edge just before the sample 
clock rising edge. The start (stop) pulse will then occur 
just at the next rising edge of the sample clock. This next 
edge cannot retrigger the AD9500 since it has not yet 
finished its delay-reset cycle. The AD9500 cannot re- 
trigger until the second sample clock edge following the 
sample clock edge that caused the initial trigger occurs. 
Thus, the quafifier signal may only occur once for every 
two sample clock periods and the throughput has been 
reduced by a factor of 2 from the theoretical "best." 

With the EXOR gates 730 In place, the AD9500 may 
be triggered on the falling edge of the sample clock, the 
programmed delay provides a start (stop) pulse on the 
rising edge of the sample clock and the AD9500 is reset 
arjd ready to be triggered again on the next falling edge 
of the sample clock. The two EXOR gates 730 can be 
programmed independently to provide the optimum trig- 
ger signal (rising or falling edge of the sample ctock) to 
each AD9500 for its required delay 

In Figure 7, the timing diagram for the circuit of Fig- 
ure 6 is shown with the sample clock pulse at 740. Start 
pulse 770 enables the qualifier signal 780 while stop 



pulse 790 disables qualifier pulse 780. Qualifier pulse 
780 is sensitive to high levels on start pulse 770 and 
stop pulse 790. The circuit exemplified in Figure 4 may 
be used in preferred embodiments to provkie complete 
5 implementation of the qualified trigger by inserting it in 
the trigger path just before a trigger flip-flop such as, for 
example, the trigger flip-flop of Figure 9. 

However, since a togic element is used in the trigger 
path, the circuit of Figure 4 introduces a significant 

^0 amount of jitter to a random repetitive acquisition sys- 
tem. In further preferred embodiments, trigger qualifier 
signal 350 may be "ANDed" with an existing trigger arm- 
ing signal as shown in Figure 8 to form a qualified trigger 
arm signal. As shown in Figure 9, the qualified trigger 

15 arm is applied to input 890 of D flip-flop 920 which out- 
puts a qualified trigger signal at 900. Triggered signal 
900 Is ANDed at 870 with inverted reset signal 880 and 
input to the set input 910 of D flip-flop 920. The trigger 
signal is input to flip-flop 920 at ctock Input 930. 

20 In preferred embodiments, either the user or the mi- 
croprocessor can determine the delay settings. In order 
to determine the delays, it must be first recognized that 
the analog delays from the4nstrument input to the trigger 
circuit, and from the instrument input to the sampler are 

25 not usually identk:al. Let the difference in these two de- 
lays paths be denoted as \^^y If t^,^) is a positive 
number, then the delay through the trigger path is longer 
than the delay through the sampler path. Thus for ex- 
ample, a sample taken t^^^^ before the trigger is received 

30 results in that sampling lying on the triggering event. In 
preferred embodiments, a digitizing oscilloscope com- 
prises a CRT screen wherein data traces are displayed. 

Figure 10 illustrates a progranrvning process whfch 
makes use of i^^^^ beginning at step 940. It is desired to 

35 find the time value of the left side of the screen with re- 
spect to the trigger point. This lime value is denoted at 
step 950 as tfen and may be set by the user In prefened 
embodiments. Similarly, the time value for the right side 
of the screen with respect to the trigger point, t^ght. 's 

40 specified at 960. 

To find the delay value for the start and stop pulses, 
herein denoted "start(stop)", it is first necessary to spec- 
ify the calibration value t(t.3) at step 970, which in further 
preferred embodiments is defined as a calibratton value 

^ associated with the trigger delays in the system. At step 
980. the delay values ''de\ay^g^' and "delaysfop" can be 
obtained respectively by the following equations: 

^ <^®»aystart = (W-WMODJ-, 

s 



delay^op- bright + W ^^^W^' 
As known by those with skill in the art, (1,^^ - t,,^j) 
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MOD ~ is a mathematical operation accomplished by 

s 

finding the remainder of dividing (tjen + tj^) by I/F3. If 
this remainder is greater than zero, than 6e\ay^^^^ is 

set to this value. OthenArise, ^ is added to this remain- 

s 

der to form a new value, and delaygjart *s set to this new 
value. 

It is then desired to analyze the delay start(stop) 
times to determine where to tngger the delay with re- 
spect to the sample clock signal. This is accomplished 
at step 990 for the two pulses, delay3,art(stop). t>y deter- 
mining whether: 

If the two delay values fail within this range, then the 
delays are triggered at step 1000 on the rising edge of 
the sample clock, and the delay^jartCstop) values are set 
to the values determined at step 980 respectively. The 
programming process is then stopped at step 1010. 

However, if the delay5,art(siop) values are not within 
the range specified at step 990, it is desired at step 1020 
to trigger the delaystart(stop) pulses on the falling edge of 
the sample clock. Preferably, it is determined at step 

1030 whether the delaygta^stop) value is < If delay. 

s 

start(stop) '®ss than then the delay value, now 

s 

denoted as delay^^^. is set equal to delay3,3rt(stop) 
step 1040. However, if it is determined that delay. 

start(stop) less than —-, then delay^^ is set equal to 

s 

delaystart(stop) + ^ at step 1050. The system is then said 

s 

to be calibrated to the trigger delays, and the program- 
ming procedure ends at step 1010. In preferred embod- 
iments, the delay limits are optimal with a 50% duty cycle 
of the sample pulse. It is expected that other duty cycles 
will lead to similar optimal values. 

As an example of this programming procedure, con- 
sider a window having a sweep speed of 100 psec/div 
with the trigger point being 100 psec to the right of the 
left edge of the screen, and the sample rate, F^, equal 
to 40 MHz. Thus, {^f^ equals -100 psec, and t^ght equals 
900 psec. If in preferred embodiments t^j.^^ equals -230 
psec. then delaygj^^ »s 24,670 psec, and delays,op 

equals 670 psec. Since ^ equals 6250 psec, and — 

s s 

equals 1 8,750 psec, it is necessary to trigger the delays 55 
on the falling edge of the sample clock. Furthermore. 

since delay^^^^ = 670 psec is less than delaysj^p is 



programmed to 670 psec + 25 nsec = 25,670 psec. 

In further preferred emt>odiments, the^ligitizing os- 
cilloscope's microprocessor can perform these cateula- 
tlons. However, it will be recognized by those with skill 
in the art that the user can also perform the program- 
ming procedure and calculations. 

Trigger qualifier circuitry 260 provkied in accord- 
ance with this inventk>n also requires conversion of the 
delay^^rtCstop) qualifier values to binary values which can 
be used by the delay generator. The time interpolator 
determines the timing Ijetween the asynchronous trig- 
ger event and the next sample point within a design res- 
olution, for example, 10 psec. This can be viewed as a 
calibration whk:h relates the start and stop delay DAC 
values for the DACs of Figures 2A and 2B to start and 
stop time interpolator values which can be used by the 
microprocessor and time interpolator In the crystal tfrne- 
base 155. 

With a random repetitive signal acquisition system 
having a 1 nsec screen width and 100 psec of pretrigger 
time, the microprocessor must either be informed of, or 
determine, the stop and start time values to send to the 
delay DACs in Figures 2Aand 2B. The relationship be- 
tween the actual binary DAC values and time delays 
may be assumed to be linear. However, if the relation- 
ships are not adequately linear, they may be piece-wise 
linearly approximated, or approximated by a polynomial 
expressbn. When the calibratran relationships are line- 
ar, the calibration procedure comprises finding "gain' 
and "offset" values for the start and stop time interpola- 
tor values over the range of operation of the time inter- 
polator in the random repetitive signal acquisition sys- 
tem. In further preferred embodiments when the 
AD9500 integrated circuits are used to provide pro- 
grammed delays, one gain value for each AD9500 and 
one offset value for each trigger source (positive or neg- 
ative edge triggered) for each of the AD9500s. or a total 
of six calibration values must be obtained. 

There are a number of methods which could be 
used to perform the calibratkDn delay time conversion to 
start/stop binary DAC values. In preferred embodi- 
ments, the designer could calculate the gain and offset 
values from the actual circuit components including 
component tolerances. No software is needed for cali- 
bratk>n with this method and no user time is needed to 
periodically calibrate the circuit. However, with this 
method the window width must typically be larger than 
required in order to guarantee that worst-case compo- 
nents will still give an adequate window size. This is in- 
efficient since the typical window is bigger than required 
and therefore accepts a larger percentage of triggers 
which do not result in useful samples. Use of high pre- 
cision components will generally result in a more expen- 
sive circuit, and thus this design method is generally un- 
desirable. 

In still further preferred embodiments, a means to 
inject the start and stop signals or the trigger qualifier 
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signal into the trigger path may be provided so that cal- 
ibration is accomplished by disabling the trigger qualifier 
and feeding the start (stop) signal or trigger qualifier sig- 
nal to the trigger circuit The time interpolator may then 
measure the time between the s'^nafs edge and the s 
sample clock. One measurement would be required for 
each gain or offset value, and a single measurement 
could consist of a large number of individual measure- 
ments averaged together for accuracy. A circuit of this 
type to accomplish calibration is not actually part of the io 
operational configuration of the oscilloscope, and so the 
designer would then have to determine how to modify 
the calibration (offset) values by relating the delays 
through the calibration path to the delays through the 
operational path. This method is relatively fast but since is 
component tolerances are used to relate the operational 
path and the calibration path, the window width is gen- 
erally larger than is actually needed to accommodate 
any possible collection of parts in the instrument. Fur- 
thernK>re, inherent component tolerances reduce the ef- 20 
ficiency of the circuit. 

Another method to calibrate the delay times to start/ 
stop DAC values is to use a software or firmware pro- 
gram at run time which can determine how to modify the 
start and stop pulses and optimize the allowed trigger 25 
window. With this method, a histogram of time interpo- 
lator values is built using random external triggers that 
occur at run time. The microprocessor can compare a 
histogram of time interpolator values to a desired histo- 
gram and then dynamically adjust the qualifier window. 30 
This is an extremely accurate method of calibration 
since it is essentially a feedback circuit with a large loop 
gain. However, this method requires a large amount of 
microprocessor power during run time and therefore de- 
creases the throughput of the random repetitive signal ^ 
acquisition system. 

In still further preferred embodiriients. a histogram 
of time interpolator values may be used to statistically 
determine the calibratbn parameters. With this method 
of calibratk>n. the start and stop control DACs are set to 40 
predetermined values and may be further positive/neg- 
ative sample clock edge triggered if applicable. A large 
number of random triggers with respect to the sample 
clock are then generated either by external circuitry, or 
by the mrcroprocessor. A histogram of time interpolator ^ 
values is maintained for a statistically significant number 
of samples, depending upon the resolution of the time 
interpolator and delay generators. The histogram is then 
analyzed to determine the exact position of the trigger 
window. This procedure can then l>e repeated with new so 
DAC settings and the results can be combined to find 
the gain and offset values. If applicable, another set of 
measurements is required with the opposite sample 
clock edge trigger selected. 

In yet further preferred embodiments, the histogram ss 
calibration method can be used with the AD9500 inte- 
grated circuit which provides programmed delays for the 
qualifier circuit. Figure 1 1 illustrates a method of building 



a histogram in accordance with the invention. The meth- 
od begins at step 1 060. At step 1070 it is desired to pro- 
gram the start delay generator to zero to be triggered 
on the positive edge of the sample clock, and the stop 
delay generator to zero to be triggered on the negative 
edge of the sample clock. At step 1080, a histogram is 
built with a statistically significant number of samples, 
and the first start time ■start{l )* and first stop time 'stop 

(1) * are determined from the histogram. 

At step 1090 it is then desired to set the start delay 
generator to some predetermined value to be positively 
edge triggered, and the stop delay generator to the 
same predetermined value to be negative edge trig- 
gered. In preferred embodiments when the AD9500s 
are used which have an 8-bit per programmed input, a 
possible 256 different programmed delays are possible, 
and therefore, the predetermined value is set to 255. At 
step 1100, a second histogram is constructed and start 

(2) and stop(2) are determined. 

Similarly, at step 1 110. the start delay generator set 
to zero and is negative edge triggered, while the stop 
delay generator is set to zero and is positive edge trig- 
gered. At step 1120 a third histogram is built and start 

(3) and stop(3) are determined. 

After the first, second, and third start and stop time 
values are determined, it is necessary to solve the fol- 
k)wing linear equations which relate the delay values to 
the time interpolator DAC values: 

gain(start) *0 + offset(start.positive) = start(1) 



gain(start) *P\/ + offset(start,pos"itive) = start(2) 
gain(start) *0 + offset(start,negative) = start(3) 



gain(stop) *0 + offset(stop,negative) = stop(1) 



gain(stop) *PV + of fset(stop, negative) = stop(2) 

gain(stop) *0 + offset (stop.positive) = stop(3); 
where, 

offset(start,posilive) = a time offset associated with 
the first and second start times when the first delay 
is triggered on the positive edge of the sample sig- 
nal. 

offset(start.negative) = a time offset associated with 
the third start time when the first delay is triggered 
on the negative edge of the sample signal, 
offset (stop, negative) = a time offset associated with 
the first and second stop times when the second 
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delay is triggered on the negative edge of the sam- 
ple signal, 

offset(slop,positive) = a time offset associated with 
the third stop time when the second delay is trig- 
gered on the positive edge of the sample signal. 
gain(start) =: the gain of the start delay generator, in 
time per program count, 

gain(stop) = the gain of the stop delay generator, in 

time per program count, 

PV = the predetermined value. 

The above six equations have six unknowns and 
relate the positive and negative edge triggered offsets 
and the gains to the start and stop DAC values deter- 
mined from the histograms. In preferred embodiments, 
it is desirable to use a low DAC value. I.e., zero, to find 
the offset and a high DAC value, i.e., 255, to find the 
gains. This minimizes the errors in finding these values. 
The equations yield the following solutions: 

offset{start,positive) = start(l) 
gain(start) = [start(2) - start(l)yPV 
offset(start,negative) = start(3) 
offset(stop,positive) = stop(1) 
galn(stop) = [stop(2) - stop(1 )yPV 

offset(slop,negative) = stop(3). 

At run time, these calibration values may be used 
in a linear equation to turn the desired start(stop) delay 
time into a binaiy value to program the start(stop) delay 
generator In preferred embodiments, the linear equa- 
tion is: 

delay time ^^^p) = ^^^^ (start/stop) {slope} + 

where the "slope" is a function of the particular delay 
generators used. In general, PV may be other than 0 
and 255 when other than an AD9500 is used, and there- 
fore the atiove equation can be solved for PV. Since P V 
is an integer value it should be appropriately rounded. 

It is also desirable to keep the trigger qualifier win- 
dow small to minimize the number of iterations the time 
interpolator must run to build the histograms. For exam- 
ple, assume that one million random triggers are used 



to build each histogram. With the atx>ve programming 
procedure, then each trigger qualifier window is approx- 
imately half the size of the sample period so half of the 
random triggers would cause the time interpolator to 

5 run. Thus, the time interpolator would run an average 
500,000 times at 6 psec each for a total time of 3 sec- 
onds to build each histogram. If the procedure is modi- 
fied so that only a "start(n)' or 'stopCn)" value is found 
with each histogram, then the second (stop or start) de- 

10 lay can be programmed to give a small trigger window. 
For example, if the second delay is programmed to 
give a trigger qualifier window that is only one fiftieth of 
the sample period, then the time interpolator will only 
have to mn 20,000 times, on average, to buiW a histo- 

is gram. Since two histograms must be build to find both 
start(n) and stop (n), the total calibration time is 
2*20,000 * 6 \xsec - 240 msec. Then, high accuracy can 
be achieved with a relatively short calibration time by 
calibrating the start DAC using the stop DAC to provide 

20 a small trigger qualifier window, and then calibrating the 
stop DAC by using the start DAC to provide a small trig- 
ger qualifier window. 

This method has the advantage of being extremely 
accurate at the calibration temperature of the system. 

25 However, after accounting for component drift with tem- 
perature, it may be only slightly better than both the de- 
sign and trigger disabling methods discussed above. 
Furthermore, calibration drift as the temperature of the 
digitizing oscilloscope changes forces recalibration of 

30 the time interpolator when the digitizing oscilloscope is 
being used. This method Is also relatively time consum- 
ing, taking an average of about one-half second to three 
seconds to build each histogram, with attendant time 
added in analyzing each histogram to find the particular 

35 start and stop DAC values. 

When examining the histogram, the time interpola- 
tor outputs values over its defined range within a prede- 
termined resolution. For example, the time interpolator 
may output values from 0 ns to 50 ns with a one psec 

40 resolution. In the absence of noise, the histogram would 
have a rectangular shape with the edges of the rectan- 
gle defining the start and stop limes of the qualifier 
pulse. When noise is added it becomes a statistical task 
to determine how many samples are necessary to build 

45 the histogram and to determine the actual placement of 
the edges of the pulse for the required accuracy Anal- 
ysis of histograms provides an accurate and relatively 
efficient method of converting the delay values to start 
and stop DAC values which are useful to the microproc- 

50 essor to determine what values to program the start and 
stop DACs to for a particular instrument set-up. 

There have thus been described certain preferred 
embodiments of trigger qualifying methods and appara- 
tus for use in random repetitive signal acquisition sys- 

55 tems. While preferred embodiments have been de- 
scribed and disclosed, it will be recognized by those with 
skill in the art that modifications are within the scope of 
the invention. The appended claims are intended to cov- 
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er all such modifications. 4. 



Claims 

5 

1 . A random repetitive digital signal acquisition system 
for acquiring and analyzing samples of an input 
waveform, comprising: 5. 

a sample clock ( 1 55) for providing a clock signal io 
at a sample clock rate; 

sampling means (135, 145) responsive to said 
sample clock (1 55) for sampling the input wave- 
fomi at said sample clock rate so as to acquire 
a series of samples as a function of time; '5 
triggering means (1 00) for provkling trigger sig- 
nals relating said series of samples to a known 
trigger event for display; 
trigger qualifier means (260) responsive to said 
sample clock (1 55) for creating a trigger quali- 20 
tying time window with respect to each of said 
trigger signals within each perk)d of sakJ clock 
signal; 

data acquisition control means (250) respon- 
sive to said trigger qualifier means (260) for 2S 
stopping data acquisition by said sampling 6. 
means (135, 145) in response to trigger signals 
from said triggering means (100) during said 
trigger qualifying time window when there is a 
high protsability that usable samples have been 30 
acquired; 

means (210) for analyzing said series of sam- 
ples from said sampling means (1 35, 1 45), said 
series of samples including only those samples 
acquired for trigger signals which occurred dur- 3S 
ing said trigger qualifying time window; and 
means (230) for displaying the arialyzed sam- 
ples. 

2. A digital system as in claim 1, wherein said trigger 40 
qualifier means (260) comprises a first variable de- 
lay circuit (270) for delaying said sample ckxk ( 1 55) 7. 
by a first delay time and a second variable delay 

circuit (280) for delaying said sample clock (1 55) by 
a second delay time, the beginning and end of said 45 
trigger qualifying time window determining said sec- 
ond and first delay, times, respectively. 

8. 

3. A digital system as in claim 2, wherein said trigger 
qualifier means (260) further comprises means so 
(320; 790) responsive to sakJ sample clock (155) 
with said first delay time for starting the provision of 

said trigger signals to said data acquisition control 9. 
means and means (320; 600) responsive to said 
sample c\ock (1 55) with said second delay time for 55 
stopping the provisbn of said trigger signals to said 
data acquisition control means (250). 



A digital system as in claim 3. wherein sakl starting 
and stopping means comprises a set/reset flip-flop 
(320) which receives said sample clock (155) with 
sakjl first delay time at a set input (330) thereof and 
said sample ckx:k ( 1 55) with said secc^d delay time 
at a reset input (340) thereof. 

A digital system as in claim 3, wherein said starting 
and stopping means comprises first and second D- 
type flip-flops (790. 800) with high togic levels at D 
inputs thereof, an Inverted output (830) of said first 
D-type flip-flop (790) being connected to a reset in- 
put (840) of said second D-type flip-flop (800) and 
a non-inverted output (660) of said second D4ype 
flip-ftop (800) being connected to a reset input (850) 
of sakJ first D-lype flip-flop (790), said first D-type 
flip-flop (790) having said sample clock (155) with 
said first delay time at a clock input (810) thereof 
and said second D-type flip-flop (800) having said 
sample ckx:k (155) with said second delay time at 
a clock input (820) thereof, whereby a non -in verted 
output of said first D-type flip-flop (790) starts and 
stops the provision of said trigger signals to sakJ da- 
ta acquisition control means (250). 

A digital system as in claim 2, wherein said first and 
second variable delay circuits (270, 280) comprise 
an integrating operational amplifier (380) for inte- 
grating saki sample ckx^k and first and second com- 
parator circuits (420, 440) responsive to said inte- 
grating operational amplifier (380) at first inputs 
(410, 430) thereof and first and second threshold 
signals at respective second inputs (460, 480) 
thereof so as to output a sample clock with said first 
delay time when said first input (410) of said first 
comparator circuit (420) exceeds said first thresh- 
old signal and to output a sample clock with said 
second delay time when said first input (430) of sakl 
second comparator circuit (440) exceeds sak) sec- 
ond threshold signal. 

A digital system as in claim 2, wherein said first and 
second variable delay circuits (270. 280) comprise 
respective phase k>cked loops (584-589) whkxh 
may be phase controlled to respectively output a 
sample clock with said first or second delay times. 

A digital system as in claim 2, wherein said first and 
second variable delay circuits (270. 280) comprise 
respective programmable delay generators (660, 
670). 

A digital system as in claim 2, wherein the first and 
second delay limes of said first and second variable 
delay circuits (270, 280) are determined by said an- 
alyzing means (210). 

A digital system as in any preceding claim in the 
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form of a random repetitive sampling oscilloscope, 
the system further comprising memory means (1 90. 
200) for storing said series of samples. 

11. A digital system as in claim 1 , wherein a horizontat s 
sweep of said displaying means (230) has a time 
duration approximately equal to a time duiation of 
said trigger qualifying time window. 

12- A random repetitive digital signal acquisition meth- io 
od of acquiring and analyzing samples of an input 
waveform, comprising the steps of: 

sampling the input waveform at a sample clock 
rate from a sample clock (1 55) so as to acquire 
a series of samples as a function of time; 
providing trigger signals relating said series of 
samples to a known trigger event for display; 
creating a trigger qualifying time window with 
respect to each of saki trigger signals within 20 
each period of a ckxk signal from said sample 
clock; 

stopping data acquisition in said sampling step 
in response to trigger signals during said trigger 
qualifying time window when there is a high 
probability that usable samples have been ac- 
quired; 

analyzing saki series of samples, said series of 
samples including only those samples acquired 
for trigger signals which occurred during said so 
trigger qualifying time window; and 
displaying the analyzed samples. 

13. A method as in claim 12, wherein said trigger qual- 
ifying time window creating step further comprises 35 
the steps of delaying said sample ckx:k by a first 
delay time and delaying said sample clock by a sec- 
ond delay lime, the beginning and end of sakl trig- 
ger qualifying time window determining said second 
and first delay times, respectively. 40 

14. A method as in claim 13, wherein said trigger qual- 
ifying time window creating step further comprises 
the steps of starting the provision of said trigger sig- 
nals in sakJ trigger signals providing step in re- 4S 
sponse to a sample clock with said first delay time 
and of stopping the provision of said trigger signals 

in said trigger signals providing step in response to 
a sample clock with said second delay time. 

50 

15. A method as in claim 13, wherein said delaying 
steps comprise the steps of integrating said sample 
clock to produce an integrated output, comparing 
said integrated output to first and second threshold 
signals, outputting a sample ckx:k with said first de- 5S 
lay time when said integrated output exceeds said 
first threshoW signal and outputting a sample clock 
with said second delay time when said integrated 



output exceeds second threshold signal. 

16. A method as in claim 13, wherein said delaying 
steps comprise the steps of: 

determining start and stop time values for pro- 
vision of said trigger signals; 
obtaining a calibratk>n value representing the 
difference in delay between (a) the delay from 
an input for said input waveform for means for 
providing said trigger signals and (b) the delays 
from said input waveform to means for sam- 
pling; 

obtaining start and stop pulse delay values from 
saki start and stop time values, sakJ calibratbn 
value and said sample ckx:k; 
analyzing the start and stop pulse delay values 
to determine where to trigger delays with re- 
spect to the sample clock so as to form said 
trigger qualifying time window; and 
determining whether to trigger delays with re- 
spect to rising or falling edges of the sample 
clock. 

17. A method as in claim 1 6, wherein the step of obtain- 
ing a calibration value comprises the steps of: 

setting the first delay time to zero and triggering 
the start of the first delay time on a positive 
edge of the sample clock and setting the sec- 
ond delay time to zero and triggering the start 
o( the second delay time on a negative edge of 
the sample clock; 

building a first histogram from a statistically sig- 
nificant number of said series of samples and 
determining a first delay start and a first delay 
stop time from the first histogram; 
setting the first delay time to a predetermined 
upper limit value and triggering the start of the 
first delay time on a positive edge of the sample 
clock and setting the second delay time to said 
predetermined upper limit value and triggering 
the start of the second delay time on a negative 
edge of the sample ckx:k; 
buiWing a second histogram from sakJ statisti- 
cally significant number of sakJ series of sam- 
ples and determining a second delay start arwi 
a second delay stop time from the second his- 
togram; 

setting the first delay time to zero and triggering 
the start of the first delay time on a negative 
edge of the sample clock and setting the sec- 
ond delay time to zero and triggering the start 
of the second delay time on a positive edge of 
the sample clock; 

building a third histogram from said statistically 
significant number of said series of samples 
and determining a third delay start and a third 
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rungszeit und eine zweite variable Verzogerungs- 
schaltung (280) zum Verzogern des Abtasttakts 
(155) um eine zweite Verzogerungszeit aufwelst, 
wobei der Beginn und das Ende des Triggerqualifi- 
zierungszeitfensters die zweite bzw. die erste Ver- 
zogemngszeit besttmmen. 

3. Ein digitales System gemaB Anspruch 2, bei dem 
die Triggerqualifizierereinrichlung (260) femer eine 
Einrichtung (320; 790), die auf den Ablasttakl (155) 
mit der ersten Verzogerungszeit anspricht, unn das 
Liefem der Triggersignale zu der Datenerfassungs- 
steuerungseinrichtung zu starten, und eine Einrich- 
tung (320; 800). die auf den Abtasttakt (1 55) mit der 
zweiten Verzogerungszeit anspricht, zum Stoppen 
des Bereitstellens der Triggersignale zu der Daten- 
erfassungssteuerungseinrichtung (250) aufweist. 

4. Ein digitales System gemaB Anspruch 3, t>ei dem 
die Start- und Stopp-Einrichtung ein Setzen/ROck- 
setzen-Flip-Flop (320) aufweisen, welches den Abt- 
asttakt (1 55) mit der ersten Verzogerungszeit an ei- 
nem Setzen-Eingang.(330) von sich und den Abt- 
asttakt (1 55) mit der zweiten Zeitverzogerung an ei- 
nem Rucksetzen-Eingang (340) von sich empfangL 



delay stop time from the third histogram; and 
relating said first, second and third delay start 
and stop times to positive negative edge trig- 
gered offsets and gains of the sample ckx:k. 



Patentanspruche 

1. Ein digitales Zufallswiederholungs-Signalerfas- 
sungssystem zum Erfassen und Analysieren von 
Abtastwerten einer Eingangssignalform. mit folgen- 
den Merkmalen: 

einem Abtasttakt (155) zum Liefem eines Takl- 
signals bei einer Abtasttaktrate; 

einer Abtasteinrichtung (135. 145), die auf den 
Abtasttakt (155) anspricht, zum Abtasten der 
Eingangssignalform bei der Abtasttaktrate. um 
eine Serie von Abtastwerten als Funktion der 
Zeit zu erfassen; 

einer Triggereinrichtung (100) zum Liefern von 
Triggersignalen, die die Serie von Abtastwer- 
ten auf ein bekanntes Triggerereignis zur An- 
zeige beziehen; 

einer Triggerqualifizierereinrichtung (260), die 
auf den Abtasttakt (155) anspricht, zum Erzeu- 
gen eines Triggerqualtfizierungszeitfensters 30 
bezuglich jedes der Triggersignale innerhalb 
jeder Periode des Abtaslsignals; 

einer Datenerfassungssteuerungseinrichtung 
(250). die auf die Triggerqualifizierereinrich- 35 
tung (260) anspricht, zum Stoppen der Daten- 
erfassung durch die Abtasteinrichtung (135, 
145) als Reaktion auf Triggersignale von der 
Triggereinrichtung (100) wahrend des Trigger- 
qualifizierungszeitfensters, wenn eine hohe 40 
Wahrscheinlichkeit vorhanden ist, daB ver- 
w^dbare Abtastwerte erfaBt worden sind; 



einer Einrichtung (230) zum Anzeigen der ana- 
lysierten Abtastwerte. 

2. Ein digitales System gemaB Anspruch 1, bei dem ss 
die Triggerqualifizierereinrichtung (260) eine erste 
variable Verzogerungsschaltung (270) zum Verzo- 
gern des Abtasttakts (155) um eine erste Verzoge- 



5. Ein digitales System gemaB Anspruch 3, bei dem 
die Start- und Stopp-Einrichtung ein erstes und ein 
zweites D-Typ-Flip-Flop (790. 800) mit hohen togi- 
schen Pegein an D-Eingangen derselben aufwei- 
sen, wobei ein invertierter Ausgang (830) des er- 
sten D-Typ-Flip-Flops (790) mit einem Rucksetzen- 
Eingang (840) des zweiten D-Typ-Flip-Flops (800) 
verbunden ist, und wobei ein nicht-invertierter Aus- 
gang (860) des zweiten D-Typ-Flip-Ftops (800) mit 
einem Rucksetzen-Eingang (850) des ersten D- 
Typ-Flip-Flops (790) vertDunden ist, wobei das erste 
D-Typ-Flip-Ftop (790) den Abtasttakt (155) mit der 
ersten Verzogerungszeit an einem Takteingang 
(810) von sich aufweist, wahrend das zweite D-Typ- 
Flip-Ftop (800) den Abtasttakt (155) mit der zweiten 
Verzogerungszeit an einem Takteingang (820) von 
sich aufweist, wodurch ein nrcht-invertiertes Aus- 
gangssignaldes ersten D-Typ-Flip-Fk>ps (790) das 
Liefern der Triggersignale zu der Datenerfassungs- 
steuerungseinrichtung (250) startet und stoppt. 

Ein digitales System gemaB Anspruch 2. bei dem 
die erste und die zweite variable Verzogerungs- 
schaltung (270, 280) einen integrierenden Operati- 
onsverstarker (380) zum Integrieren des Abtast- 
takts und eine erste und eine zweite Komparator- 
schaltung (420, 440) aufweisen, die auf den inte- 
grierenden Operationsverstarker (380) an ersten 
Eingangen (410, 430) derselben und auf ein erstes 
und ein zweites Schwellensignal an jeweiligen 
zweiten Eingangen (460. 480) derselben anspre- 
chen, um einen Abtasttakt mit der ersten Zeitverzo- 



einer Einrichtung (210) zum Analysieren der 
Serie von Abtastwerten von der Abtasteinrich- 45 
tung (1 35, 1 45), wobei die Serie von Abtast wer- 
ten nur die Abtastwerte umfaBt. die fur Trigger- 
signale erfaBt worden sind, wetehe wahrend 6. 
des Triggerqualifizierungszeitfensters auftra- 
ten; und so 
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gerungszeil auszugeben, wenn das erste Ein- 
gangssignal (410) der ersten Komparatorschaitung 
(420) das erste Schwellensignal uberschreitet, und 
um einen Abtasttakl mil der zweiten Verzogerungs- 
zeit auszugeben; wenn der erste Eingang (430) der s 
zweiten Komparatorschaitung (440) das zweite 
Schwellensignal Oberschrietet 

7. Ein digitales System gemaf) Anspruch 2. bei dem 
die erste und die zweite variable Verzogerungs- io 
schaltung (270, 280) jeweilige Phasenregelsch lei- 
fen (584 - 589) aufweisen, welche phasengesteuert 
sein konnen, um jeweils einen Abtasttakt mit der er- 
sten Oder der zweiten Verzogerungszeit auszuge- 
ben. 75 

8. Ein digitales System gemaB Anspruch 2, bei dem 
die erste und die zweite variable Verzogerungs- 
schaltung (270. 280) jeweilige programmierbare 
Verzogerungsgeneratoren (660. 670) aufweisen. 20 

9. Ein digitales System gemaO Anspruch 2, bei dem 
die erste und die zweite Verzogerungszeit der er- 
sten und der zweiten variablen Verzogerungsschal- 
tung (270, 280) durch die Analysiereinrichtung 2S 
(210) bestimmt werden. 

10. Ein digitales System gemaO einem der vorherge- 
henden Anspruche in der Form eines Zufaltswieder- 
holungs-Abtastoszilloskops. wobei das System f er- 30 
ner eine Sperchereinrichtung (190, 200) zum Spei- 
chern der Serie von Abtastwerten aufweist 

11. Ein digitales System gemaB Anspruch 1, bei dem 
eine Horizontalwobbelung der Anzeigeeinrichtung 35 
(230) eine Zeifdauer aufweist, die etwa gtetch e'mer 
ZeitdauerdesTriggerqualifizierungszeitfenstersist. 

12. Ein Zufallswiederhofungs-Digitalsignalerfassungs- 
verfahren zum Erfassen und Analysieren von Abt- 40 
astwerten einer Eingangssignalform, mit folgenden 
Schritten: 

Abtasten der Eingangssigrialform mit einer Abt- 
asttaktrate von einem Abtasttakt (1 55). um eine 4S 
Serie von Abtastwerten als Funktiori der Zeit zu 
erfassen; 

Liefem von Triggersignaten. die die Serie von 
Abtastwerten auf ein bekanntes Triggerereig- so 
nis zur Anzeige beziehen; 

Erzeugen eines Triggerqualifizierungszeit- 
fensters bezuglich jedes der Triggersignale in- 
nerhatb jeder Pertode eines Taklsignals aus 55 
dem Abtasttakt; 

Stoppen der Datenerfassung in dem Abta- 



stungsschritt als Reaktion auf Triggersignale 
wahrend des Triggerqualifizierungszeit- 
fensters, wenn eine hohe Wahrscheinlrchkeit 
vorhanden ist. dafl verwendbare Abtastwerte 
erfaBt worden sind; 

Analysieren der Serie von Abtastwerten. wobei 
die Serie von Abtastwerten nurdie Abtastwerte 
umfaOt. die fur Triggersignale erfaOt wurden, 
welche wahrend des Triggerqualifizierungs- 
zeitfensters auftraten; und 

Anzeigen der analysierten Abtastwerte. 

13. Ein Verfahren gemaO Anspruch 12, bei dem der 
Schritt des Erzeugens des Triggerqualiflzierungs- 
zeitfensters femer die Schritte des Verzogems des 
Abtasttakts um eine erste Verzogerungszeit und 
des Verzogems des Abtasttakts um eine zweite 
Verzogerungszeit aufweist, wobei der Beginn und 
das Ende des Triggerqualifizierungszeitfensters die 
zweite bzw. die erste Verzogerungszeit bestimmen. 

14. Ein Verfahren gemaB Anspruch 13, bei dem der 
Schritt des Erzeugens des Triggerqualifizierungs- 
zeitf ensters femer die Schritte des Startens des Lie- 
ferns der Triggersignale in dem Schritt des Llefe- 
rens der Triggersignale als Reaktion auf einen Abt- 
asttakt mit der ersten Zeitverzogerung und des An- 
haltens des Bereitstellens der Triggersignale in 
dem Schritt des Bereitstellens der Triggersignale 
als Reaktion auf einen Abtasttakt mit der zweiten 
Verzogerungszeit aufweist. 

15. Ein Verfahren gemaB Anspruch 13. bet dem die 
Schritte Verzogems die Schritte des Integrierens 
des Abtasttakts, um ein integriertes Ausgangssi- 
gnal zu erzeugen, des Vergleichens des integrier- 
len Ausgangssignals mit einem ersten und mit ei- 
nem zweiten Schwellensignal. des Ausgebens ei- 
nes Abtasttakts mit der ersten Verzogerungszeit, 
wenn das integrierte Ausgangssignal das erste 
Schwellensignal uberschreitet, und des Ausgebens 
eines Abtasttakts mit der zweiten Verzogerungszeit 
aufweisen, wenn das integrierte Ausgangssignal 
das zweite Schwellensignal uberschreitet. 

1 6. Ein Verfahren gemaB Anspruch 1 3. bei dem die Ver- 
zogerungsschritte folgende Schritte aufweisen: 

Bestimmen eines Start- und eines Sloppzeit- 
werts zum Liefem der Triggersignale; 

Erhalten eines Kalibrationswerts, der die Diffe- 
renz der Verzogerung zwischen (a) der Verzo- 
gerung von einem Eingang fur die Eingangssi- 
gnalform zu einer Einrichtung zum Liefem der 
Triggersignale und (b) die Verzogerungen von 
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der Eingangssignalform zu einer Einrichtung 
zum Abtasten darstellt; 

Erhalten von Start- und Stoppulsverzogerungs- 
werten von den Start- und dem Stoppzeitwert, s 
dem Kalibrationswert und dem Abtasttakt; 

Analysieren der Start- und Stoppulsverzoge- 
rungswerte. um zu bestlmmen, ob Verzogerun- 
gen bezuglich des Abtasttakts zu triggern sind, 10 
um das Triggerqualifizterungszettfenster zu bil- 
den; und 

Bestlmmen, ob Verzogerungen bezuglich der 
steigenden oder der fallenden Flanke des Abt- is 
asttakts zu triggern sind. 

Ein Verfahren gemaG Anspruch 16, bei dem der 
Schritt des Ertialtens eines Kalibrationswerts fol- 
gende Schritte aufweist: 20 

Einstellenderersten Verzogerungszeitauf Null 
und Triggern des Starts der ersten Verzoge- 
rungszeit bei einer positiven Flanke des Abtast> 
takts und Einstetlen der zweiten Verzogerungs- 2S 
zeit auf Null und Triggern des Starts der zwei- 
ten Verzogerungszeit bei einer negatlven Flan- 
ke des Abtasttakts; 

Bauen eines ersten Histogramms aus einer 30 
statistisch signiflkanten Anzaht der Serie von 
Abtastwerten und Bestlmmen einer ersten Ver- 
zogerungsstart- und einer ersten Verzoge- 
rungsstopp-Zeit aus dem ersten Histogramm; 

S5 

Etnstellen der ersten Verzogerungszeit auf ei- 
nen vorbestimmten oberen Grenzwert und 
Triggern des Starts der ersten Verzogerungs^ 
zeit bei einer positiven Flanke des Abtasttakts 
und Einstellen der zweiten Verzogerungszeit 40 
auf einen vorbestimmten oberen Grenzwert 
und Triggern des Starts der zweiten Verzoge- 
rungszeit bei einer negativen Flanke des Abt- 
asttakts; 

45 

Bauen etnes zweiten Histogramms aus der sta- 
tistisch signifikanten Anzahl der Serie von Abt- 
astwerten und Bestimmen einer zweiten Verzo- 
gerungsstart- und einer zweiten Verzogerungs- 
stopp-Zeit aus dem zweiten Histogramm; so 

Einstellen der ersten Verzogerungszeit auf Null 
und Triggern des Starts der ersten Verzoge- 
rungszeit bei einer negativen Flanke des Abt- 
asttakts und Einstellen der zweiten Verzoge- ss 
rungszeit auf Null und Triggern des Starts der 
zweiten Verzogerungszeit auf eine positive 
Flanke des Abtasttakts; 



Bauen eines dritten Histogramms aus der sta* 
tistisch signifikanten Anzahl der Serie von Abt- 
astwerten und Bestimmen einer dritten Verzo- 
gerungsstart- und einer dritten Verzogerungs- 
slopp-Zeit aus dem dritten Histogramm; und 

Beziehen der ersten. der zweiten und dritten 
Verzogerungsstart- und Stopp-Zeit auf auf die 
positive Oder negative Flanke getriggerte Vers- 
atze und Verstarkungen des Abtasttakts. 



Revendications 

1. Un syst^me d'acquisltion de signaux numeriques ^ 
r^petitivite al6atoire destine k acquerir et ^ analyser 
des 6chantHlons d'une forme d*onde d'entr^e, 
comprenant : 

un signal tfhortoge d'echantillon (154) pour 
produlre un signal d'horloge h une cadence de 
signaux d'hortoge d'6chantilton, 
un nfwyen d'echantillonnage (135. 145) qui re- 
pond audit signal d'hortoge rfdchantilton (155) 
pour 6chantillonner la forme d'onde d'entree a 
ladite cadence de signaux d'hortoge d'echan- 
tillons de tagon k acqudrlr une serie d'^chan- 
tillons en fonction du temps; 
un moyen de ddclenchement (100) pour pro- 
duire des signaux de d^lenchement qui rellent 
k un ^v^nement connu de declenchement ladi- 
te serie tf6chantHlons pour les affk:her; 
un moyen de qualification (260) de declenche- 
ment qui r6pond audit signal d'hortoge d'echan- 
tillon (155) pour cr^er une fenStre de temps de 
qualification de declenchement par rapport h 
chacun desdits signaux de ddclerKhement a 
rinterieur de chaque periode dudit signal d'hor- 
toge; 

un moyen de commande (250) d'acquisilton de 
donnees qui repond audit moyen de qual'rfica- 
tion (260) de declenchement pour aneter une 
acquisition de donnees par ledit moyen 
d'echantillonnage (1 35, 145) en reponse a des 
signaux de declenchement provenant dudit 
moyen de declenchement (100) pendant ladite 
f enetre de temps de qualification de declenche- 
ment lorsqu'il existe une probabilite elevee que 
des echantillons utilisables ont etd acquis; 
un moyen (210) d'anatyse de ladite serie 
d'echantiitons provenant dudit moyen d'echan* 
tillonnage(135. 145), ladite serie d'echantillons 
n'incluant que les echantiltons acquis pour des 
signaux de declenchement qui se son! produits 
pendant ladite f enetre de temps dequaliftoation 
de declenchement; et 

un moyen (23) d'affichage des Echantiltons 
analyses 
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2. Un syst^me num^rique selon la revendicatlon 1, 
dans lequel ledit moyen de qualification (260) de 
declenchement comprend un premier circuit (270) 
a retard variable pour retarder d'un premier temps 

de retard ledit signal d'horloge tfechantillon (155) s 
et un deuxi^me circuit (280) a retard variable pour 
retarder d'un deuxieme temps de retard ledit signal 
d'horloge d'echantillon (155), le debut et la fin de 
ladite fenetre de temps de qualification de ddclen- 
chement di§tenminant lesdits deuxieme et premier io 
temps de retard, respectivement. 

3. Un systeme num^rique selon la revendication 2 
dans lequel ledit moyen de qualification de declen^ 
chement (260) comprend en outre un moyen (320; is 
790) qui repond audit signal rfhorloge d'echantillon 

(1 55) affects dudit premier temps de retard pour 66- 
buter I'envoi desdits signaux de declenchement 
audit moyen de commande d*acquisltion de don- 
n^es et un moyen (320; 800) qui repond audit signal 20 
tfhorloge d'echantillon ( 1 55) aff ect6 dudfl deuxifeme 
temps de retard pour arreter I'envoi desdrts signaux 
de declenchement audit moyen. de commande 
(250) d'acqutsltion de donnees. 

25 

4. Uri systeme numSrique selon la revendication 3, 
dans lequel ledit moyen de ddbut et d'arret com- 
prend une bascule (320) de mise en place/restau- 
ration qui re^oit, k son entree de mise en place 
(330), ledit signal d'horloge d'echantillon (155) af- 30 
fecte dudit premier temps de retard et, k son entree 

6e restauration (340), ledit signal d'horloge 
d'echantillon (1 55) affecte dudrt deuxieme temps de 
retard. 

35 

5. Un systeme numerque selon la revendication 3 
dans lequel Ipdit moyen de d6but et d'arret com- 
prend une premiere et une deuxieme bascules de 
type O (790, 800) k niveaux logiques hauts a leurs 
entrees D, une sortie invers^e (830) de ladite pre- 40 
mi6re bascule de type D (790) etant connectee k 
une entree de restauration (840) de ladite deuxieme 
bascule de type D (800) et une entree sans inver- 
sion (860) de ladite deuxieme bascule de type D 
(800) etant connectee ^ une entree de restauration 45 
(850) de ladite premiere bascule de type D (790), 
ladite premiere bascule de type D (790) recevant 
ledit signal d'horloge d'echantillon (155) affecte du- 
dit premier temps de retard a une entree de signal 
d'horloge (810) de la bascule, et ladite deuxieme so 
bascule de type D (600) recevant ledit signal d'hor- 
loge d'echantillon (155) affecte dudit deuxieme 
temps de retard k une entree de signal d'horloge 
(820) de la bascule, grkce a quoi une sortie sans 
inversion de ladite premiere bascule de type D S5 
(790) debute et arrete renvoi desdits signaux de de- 
clenchement audit moyen de commande (250) 
d'acquisitlon de donnees. 



6. Un systeme numerique selon la revendication 2. 
dans lequel lesdits premier et deuxieme circuits 
(270, 280) temps de retard variable comprennent 
un ampiificateuroperationnel integrateur (380) pour 
tfitegrer ledit signal d'horloge d'echantillon et un 
premier et un deuxieme circuits comparateurs (420, 
440) qui repondent audit amplificateur operationnel 
integrateur (380) k des premieres entrees (410. 
430) de ces comparateurs et k un premier et un 
deuxieme signaux de seuil k des deuxiemes en- 
trees respectives (460, 480) de ces comparateurs 
de iagon k produire un signal d'horloge d'echan- 
tillon affecte dudit premier temps de retard lorsque 
ladite premiere entree (410) dudit premier circuit 
connparateur (420) depasse ledit premier signal de 
seuil et pour produire un signal d'horloge d'echan- 
tillon affecte dudit deuxieme temps de retard lors- 
que ladite premiere entree (430) dudit deuxieme cir- 
cuit comparateur (440) depasse ledit deuxieme si- 
gnal de seuil. 

7. Un systeme numerique selon la revendication 2, 
dans lequel lesdits premier et deuxieme circuits 
(270, 280) a retard variable comprennent des bou- 
cles respectives verrouillees en phase (584 a 589) 
qui peuvent etre commandees en phase de iagon 
k produire respectivement un signal d'horloge 
d'echantillon affecte des premier ou deuxieme 
temps de retard. 

8. Un systeme numerique selon la revendication 2, 
dans lequel lesdits premier et deuxieme circuits 
(270, 280) k retard variable comprennent des ge- 
nerateurs respectifs (660, 670) k retard program- 
mable. 

9. Un systeme numerique selon la revendication 2, 
dans lequel le premier et le deuxieme temps de re- 
tard desdits premier el deuxieme circuits (270, 280) 
k retard variable sont determines par ledit nrK>yen 
d'analyse (210). 

10. Un systeme numerique selon une revendication 
precedente quelcorique en forme d'oscilloscope 
d'echantillonnage repetitif aieatoire, le systeme 
comprenant en outre un moyen de memoire (190, 
200) pour menDoriser ladite serie tfechantillons. 

11. Un systeme numerique selon la revendication 1, 
dans lequel la duree de temps d'un balayage hori- 
zontal dudit moyen d'affichage (230) est approxi- 
mativement egale k une duree de temps de ladite 
fenetre de temps de qualification de declenche- 
ment. 

12. Un precede d'acquisition de signaux numeriques 
repetitif s aieatoires, destine k acquerir et analyser 
des echantiltons d'une forme d'onde d'entree et 
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comprenant les Stapes consistant k : 

^chantntonner la forme cf entree ci une cadence 
de signaux d'horloge d'echantillon provenant 
d*un signal d'horloge d'echantillon ( 1 55) de fa- s 
9on k acquerir une s§rie d'echantilions en fonc- 
tion du temps; 

envoyer des signaux de d6cfenchement qui re- 
lient a un evenement connu de declenchement 
iadite s^rie d'echantilions en vue de les affi- io 
Cher; 

cr6er une fendtre de temps de qualification de 
ddclenchement par rapport ^chacun desdrts si- 
gnaux de declenchement a Tinterieur de cha- 
que p6riode d'un signal d'horloge provenant is 
dudit signal dtiorloge d'echantillon; 
arreter une acquisition de donn6es dans ladite 
etape d'echantillonnage en reponse k des si- 
gnaux de declenchement pendant ladite fene- 
tre de temps de qualification de declenchement 20 
torsqu'it existe une probability elevde que des 
dchantitlons utilisables ont et6 acquis; 
analyser ladite s6rie d'echantilions, ladite serie 
d'echantilions n'incluant que des echantillons 
acquis pour des signaux de declenchenr^nt qui 25 
se sont produits pendant tadite fenetre de 
temps de qualification de d^lenchement; et 
afficher les echantillons analyses. 

13. Un precede selon la revendication 12 dans lequel 30 
ladite creation de fenetre de temps de qualification 

de ddclenchennent comprend en outre les stapes 
consistant k retarder d'un premier temps de retard 
ledit signal d'horloge d'echantillon et k retarder d'un 
deuxi^me temps de retard ledit signal d'horloge os 
d'echantillon. le ddbut et la fin de ladite fenetre de 
temps de qualification de declenchement determt- 
nant lesdits deuxi^me et premier temps de retard, 
respectivement 

40 

14. tJn precede selon la revendication 13, dans lequel 
ladite etape de creation de la fendtre de temps de 
qualification de declenchement comprend en outre 
les etapes consistant a debuter renvoi desdits si- 
gnaux de declenchement dans la dite etape d'envoi 45 
de signaux de declenchement en reponse a un si- 
gnal d'horloge d'echantillon affecte dudit premier 
temps de retard et d arreter renvoi desdits signaux 

de declenchement dans la dite etape d'envoi de si- 
gnaux de declenchement en reponse k un signal 5(? 
d'horloge d'echantillon affecte dudit deuxieme 
temps de retard. 

15. Un procede selon la revendication 13 dans lequel 
lesdites etapes de retardement comprennent les 55 
etapes consistant a integrer ledit signal d'horloge 
d'echantillon pour produire une sortie integree. 
comparer ladite sortie integree a un premier et un 



deuxieme signaux de seuil, produire un signal 
d'hortoge d'echantillon affecte dudit premier temps 
de retard lorsque ladite sortie integree depasse ledit 
premier signal de seuil el produire un signal d'hor- 
loge d'echantillon affecte dudit deuxieme temps de 
retard lorsque ladite sortie Integree depasse ledit 
deuxieme signal de seuil. 

16. Un procede selon la revendication 13, dans lequel 
lesdites etapes de retard comprennent les etapes 
consistant k : 

determiner des valours de temps de debut et 
d'arret pour I'envoi desdrts signaux de declen- 
chement; 

obtenir une vateur de catibrage qui represente 
la difference de retard entre (a) le retard prove- 
nant d'une entree pour ladite forme d'onde 
d'entree pour un moyen d'envoi desdits si- 
gnaux de declenchement et (b) les retards pro- 
venant de ladite forme d'onde d'entree k des 
nrtoyens d'echantillonnage; 
obtenir des valours de retard d'impulsions de 
debut et d'arret, a partir desdites valeurs de 
temps de debut et d'arret, de ladite valeur de 
calibrage et dudit signal d'horloge; 
analyser les valeurs de retard d'impulsions de 
debut et d'arret pour determiner a quel instant 
declencher des retards par rapport audit signal 
d'horloge de fa9on a former ladite fenetre de 
temps de qualification de declenchement; et 
determiner s'il y a lieu de declencher des re- 
tards par rapport a des bords montants ou des- 
cendants dudit signal d'hortoge d'echantillon. 

17, Un procede selon la revendication 16, dans lequel 
ladite etape d'obtention d'une valeur de calibrage 
comprend les etapes consistant a: 

regler k zero le premier temps de retard et de- 
clencher le debut du premier temps de retard 
sur un bord montant du signal d'horloge 
d'echantillon et regler k zero le deuxieme 
temps de retard et declencher le debut du 
deuxieme temps de retard sur un tx)rd negatif 
du signal d'horloge d'echantillon; 
etablir un premier histogramme k partir d'un 
nombre statistiquement significatif de ladite se- 
rie d'echantilions et determiner a partir du pre- 
mier histogramme un premier temps de debut 
de retard et un premier temps d'arret de retard; 
regler a une valeur limite superieure predeter- 
minee le premier temps de retard et declencher 
le debut du premier temps de retard sur un bord 
positrf du signal d'horloge et regler le deuxieme 
temps de retard k ladite valeur limite superieure 
predeterminee et declencher le debut du 
deuxieme temps de retard sur un bord negatif 
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du signal cfhorloge cTechantillCNi; 
etablir un deuxieme histogramme a partir dudit 
nombre statistiquement significatif de ladite se- 
rie tf^chantillons et determiner a partir du 
deuxieme histogramme un deuxieme temps de s 
debtA de retard et un deuxieme temps d'arrdt 
de retard; 

regler k zero le premier temps de retard et de- 
clencher le debut du premier temps de retard 
surunbordn^gatif du signal d*horfoged'^han- io 
tillon et regler k zero le deuxieme temps de re- 
tard et d^clencher le ddbut du deuxieme temps 
de retard sur un tx>rd positif du signal d'horloge 
d'echantillon; 

etablir un troisidme histogramme k partir dudit i5 
nombre statistiquement significatif de ladite s6- 
rie d'6chantillons et determiner k partir du troi- 
sidme histogramme un troisi^me temps de de- 
but de retard et uri troisidme temps d'arret de 
retard; et 20 
relier lesdits premier, deuxieme et troisi^me 
temps de debut et tfarrel de retard a des de- 
ports des gains du signal d'horloge tf echan- 
tilkxi dectenches par un bord positif ou negatif . 
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TRIG ARM 



350 



TO 890 




RESET FROM 
MICROPROCESSOR 
OR TIMEBASE 
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C START ) — ^940 



OBTAIN TIME VALUE FOR LEFT 
SIDE OF SCREEN/'Ileft" 



I 



OBTAIN TIME VALUE FOR RIGHT 
SIDE OF SCREEN. -tHiGHT" ' 



I 



OBTAIN CALIBRATION VALUE 
FORJRIGGEROELAY/tit-s) 



990 



DETERMINE VALUE FOR THE 
START (STOP) PULSES, 
"OFI AY *• = 

UCLrtI START (STOP) I 
^UEFT (RIGHT) + t{t_s) MOOr" 

. ^ 



UCLMlsTART ( STOP) 




TRIGGER OELAYstARKsTOP 
ON FALLING EDGE OF 
THE SAMPLE CLOCK 



YES 



TRIGGER DELAY ON RISING 
EDGE OF SAMPLE CLOCK 
AND SET DELAYsTARTtsTOP) 
TO DETERMINED VALUE 



C STOP 0 




SET DELAYnew = 



DELAY 



START (STOP) Fs 



,950 



^960 



9?0 



'980 



-1020 



1040 
J 

T 

SET DELAYnew 
OELAYs,,«T (STOP) 



'1050 
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(start 



1060 



FR06RAH START 
DELAY GEN. TO 0 
(positive edged trigger) 
STOP DEIAY GEN. TO 0 

(negative edged trigger) 



I 



BUILD FIRST 
HISTOGRAM AND 
DETERMINE START (1)" 
AND "STOP(l)" 



I 



PROGRAM START 
DELAY GEN. TO 255 
(positive edged trigger) 
STOP DELAY GEN. TO 255 
(negative edged trigger) 



I 



BUILD SECOND 
HISTOGRAM AMD 
DETERMINE "START (2)" 
AND *'ST0P(2)'' 



T 



PROGRAM START 
DELAY GEN^ TO 0 
(negative edged trigger) 

STOP DELAY GEN. TO 0 
(positive edged trigger) 



I 



BUILD THIRD 

HISTOGRAM AND 
DETERMINE "START(3)" 
AND "STOP (3)" 
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4090 



.1100 




1120 
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SOLVE : 

(gain (start) *0 + offset (start, positive) =» START(l) 
gain(start) *255 + offset (start, positive) =» START(2)' 
gain (start) + offset (start, negative) - START (3) 

r9ain(stop) 
< gain (stop) 



*0 + off set (stop, negative) = STOP(l) 
. *255 + offset (stop, negative) = STOP(2) 

|gaxn(stop) *o + offset (stop, positive) = ST0P(3) 
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